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Abstract 
In recent years, there has been growing interest in the laser applications for different dental maladies. Some of the 
applications of laser irradiation to etch dental enamel in preparation for direct bonding of orthodontic appliances have 
been studied and compared. Nonetheless, the etching effects of phosphoric acid and tow lasers radiations on the 
enamel of extracted human teeth had been compared in this study. 40 extracted human teeth were divided into 4 groups 
of 10 teeth each. Power settings on the laser etching unit were used. For first group: buccal surfaces were etched with an 
Er:yag laser (Ȝ=2.9ȝ, W=2.5w), second group: buccal surfaces were etched with a Nd:yag laser (Ȝ=0.532ȝ, average 
W=12w, V=25mm/sec), and third group : buccal surfaces were etched with a Nd:yag laser (Ȝ=0.532ȝ, average W=12w, 
V=10mm/sec). While for forth group: buccal surfaces were subjected to a 30 sec acid etching (35%). After etching, 
modifications of the enamel surfaces were compared using two microscopes. Microscopically, the laser-ablated surfaces 
showed the formation of craters. These craters are higher in Er:yag laser. The acid-etched surfaces contained numerous 
microspaces, for the surface changes seen in the Nd:YAG laser-etched enamel result in a rough porous surface. But, 
some of the laser beam energy to thermal energy causes thermally-induced and Er:yag laser with lower energy is more 
useful without side effects of thermal on dental tissues than Nd:yag. The  summary means shear  bond  strengths of  the  
buccal  enamel surfaces etched  by  laser  irradiation and  by phosphoric acid, along with their standard deviations. It 
has been suggested that a minimum clinically acceptable bond strength. No significant differences were found between 
2.5W laser irradiation and phosphoric-acid etching. 
. 
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
Keywords: Buccal surface, Etching, Microscopically, Bond strength, Orthodontic.
* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 . 
E-mail address: author@institute.xxx  
 
 
Available online at www.sciencedirect.com
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD)
 M.N. Sawan et al. /  Energy Procedia  74 ( 2015 )  1452 – 1458 1453
1 Introduction  
Different laser applications for dental tissues should meet satisfy certain criteria. The attention has been 
focused on using the laser radiations for treatment of soft and hard tissues[1] whereas, laser beam application to 
sites within the oral cavity and well-focused to perform soft tissue treatment and surgery[2],  enamel etching for 
dental orthodontic applications were a natural outcome of the studies of laser effects on dental hard tissues[3, 4],  
including conversion some of laser beam energy to thermal energy causes thermally-induced changes to a 
depth of 10-20 m within the enamel layer[5, 6] , that means adjustment of laser power output to avoid 
deleterious effects on the underlying dental tissues and etching occurred at low levels  of laser power[3], 
structure changing of the surface related  to  laser  beam  energy  and  irradiation  focus[7, 8]. Some studies were 
using Er-yag [9]or Nd-yag laser in etching enamel surface for direct bonding of orthodontic applications , that 
means adjustment of laser power output to avoid deleterious effects on the underlying dental tissues and 
etching occurred at low levels  of laser power[10]. . On other hand, various studies were about the acid-etched 
surfaces and phosphoric acid resulted in Variable changes of the organic and inorganic contents of teeth [11],  although 
some etching and discoloration noticeable but phosphoric  acid  are  frequently used  to  prepare  the surface of 
the tooth for the adhesion of orthodontic attachments or resins[12]. 
 
2 Experimental works 
 In the present study, we evaluate the effectiveness of a commercial Nd:YAG laser and Er:YAG laser in 
etching dental   enamel   for   direct   bonding   of   orthodontic appliance,  whereas, Er:yag laser system has a 
laser head with an articulated arm ,water cooler, and power supply with automatic control. The controller part 
allows the operator to check the laser energy generation, and the voltage charging unit supplies voltage to the 
laser head where the radiation is generated 40 extracted non- carious human teeth were kept in formalin, then
cleaned and rinsed with water and allowed to dry in the air to fix these teeth inside small cavities, and then they 
divided into 4 groups of 10 teeth. 
  
2.1 Etching samples by Er:yag laser  
 
 
 
 
 
 
                           
 
 
 
 
 
Fig (1) samples irradiated by Er:yag beam “BIOLASE” 
 
                                                                                                                                 
First group which has 10 teeth were exposed by the laser differs and depends on the energy and position of the 
focus (behind the  focus  the  spot  was  larger  and  the  energy lower)  Er:YAG  laser  wavelength  was  Ȝ=2.9ȝ, 
while, the irradiation power was W=2.5w for 15sec. And the samples were irradiated by special hand-piece of 
Er:yag laser system as shown in fig (1). 
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Fig (2): tow laser types with different parameters 
 
3.1 Etching samples by Nd:yag laser 
 
Nevertheless, the second group has 10 teeth that were irradiated by Nd:yag laser system with special parameters 
whereas, the surfaces modification of teeth were by two laser types according to fig(2) included two settings of 
Nd:yag laser system were (Ȝ=0.532ȝ, average W=12w, V=25mm/sec for 4sec) and (Ȝ=0.532ȝ, average W=12w, 
V=10mm/sec for 7 sec) whereas the second setting used for the third group which has 10 teeth too. The extracted 
non-carious teeth were selected by red laser beam after the brackets were prepared and negative surface of the 
bracket was taken by special attached computer system with Nd:yag laser system (Marker system). 
 
4.1 Etching samples by phosphoric acid 
 
Furthermore, the selected spot and negative surface of the bracket were exactly same size, laser green with 
wavelength ݠ=0.532 m used for etching step and the samples surface have been showed roughening. Meanwhile, 
the finale group has 10 teeth that were etched by phosphoric acid (H3PO4 “gel” acid etch (35%). The gel was 
placed on enamel surface for thirty minutes. Every sample  has been studied by SEM scanning electron microscope 
and optical microscope systems (higher magnification), in addition to traditional tests of bonding strengths were 
taken, whereas, the brackets were attached to enamel surfaces modification and the surfaces were completely 
masked by adhesive coating, the composite resin to laser-conditioned enamel and brackets surfaces then cured by 
Light emitting diode for 40 seconds to test the bonding strengths for every surface modification of our samples, 
after the teeth were stored in serum liquid. Same steps were taken for other samples after acid etch (35%) for 30 
sec. 
 
2. Result and analysis 
In the present study acid-etching was with 35% phosphoric acid is perfect test for acid-etching process during 
30 seconds. The acid-etched surfaces contained numerous microspaces as it observed in Fig 3(a).The laser-ablated 
surfaces showed the formation of craters. Morphological study was after Er:yag laser (Ȝ=2.9ȝ,  W=2.5w)  etching  
process ,irradiation  on enamel surface showed that physical changing on buccal surface, whereas, Er:yag laser  
beam caused  a  desired roughness of the enamel as shown in fig 3(b). The mechanism of tissue removal by laser, 
unlike acid etching, is not demineralization. The surface changes seen in the Nd:YAG laser-etched enamel result in 
a rough porous surface as shown in fig 4(a) . And the pits were evident on the surface, but that effect was 
superficial and shallow, these buccal surfaces were etched with a Nd:yag laser (Ȝ=0.532ȝ, average W=12w, 
V=25mm/sec & 4sec) and same morphological was by using the second sitting of Nd:yag laser(Ȝ=0.532ȝ, average 
W=12w, V=10mm/sec &7sec) but the difference was in the process time, it was shorter for the first one until 
50% that means lower thermal effects were with less irradiation expose time. In our study craters formation were 
observed, but this craters are higher in Er:yag laser-etching than acid . On other hand, irradiation of tooth enamel 
surface with low energy (w=2.5w), it is possible to etch; the border is well-defined, the roughness is evident 
and visible. The selected area of the irradiation has only a small influence on the structure of etched enamel. In 
summary Er:YAG laser  etching according to these results can apparently replace acid etching with similar effect 
on enamel and without the negative influence of phosphoric acid-etching. Furthermore, the same effects of 
these tow techniques on the bond of composite resin to buccal enamel surface. 
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Fig 3:(a) Optical microscope ×1600 etching gel (35㸣 phosphoric acid) buccal  numerous microspaces surface contained,                                
(b) SEM ×1600, etching, Nd:yag laser with ݠ=0.532 &v=25mm showed regulars superficial pits is negative from of bracket 
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Fig 4: (a) SEM×1600, etching Nd:ya laser With ݠ=0.532 &v=10mm/s showed regulars superficial pits is negative &desired                                   
roughness,(b) SEM×1600, etching Er:yag laser with Ȝ=2.9ȝ, W=2.5w showed formation of craters form of bracket 
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Fig 5: SEM × 6000 etching acid gel (35㸣 phosphoric) buccal numerous microspaces surface contained 
 
By amplification we remark the uniformity between etching by acid and Er:yag laser, in addition to this, we 
evaluated shear bonding strengths (SBS) of the etched surfaces of buccal enamel by laser irradiation and 
phosphoric acid, along with their standard deviations according the follow equations: 
 
S = F/S.A = M pa         (1) 
 
S: Shear bond strength (M pa) 
F: Force (Newton) 
S.A: Surface Area of bracket  
 
 
ı = [Ȉ (Xi - X)2 / n-1] 1/2=  [Ȉ (Si - S)2 / 10-1] 1/2                                                                                           (2)                                                    
                                                
ı: Standard deviation 
n:Number of samples 
 
 They have suggested that a minimum clinically acceptable bond strength, no significant differences were found 
between 2.5W laser irradiation and phosphoric-acid etching. 
     
 Table 1: Values of Bonding Strength                                                            
Surface modification system SBS (MPa) Standard deviation  
Er:yag laser (ݠ=2.94m), 30.57 ±1.54 
Phosphoric acid etch 29.35 ± 1.34 
 
However, shear bond strengths (SBS) and bracket-adhesive failure modes were determined, and compared 
against an etch-and-rinse adhesive system, the results of this test were according the below table. 
3. Discussion    
For many years, the using of acid-etching systems when attaching brackets to the enamel surface with 
orthodontic adhesives  has  been  widely  accepted  by  most orthodontists as  a  routine  technique [13, 14] .  
Moreover, enamel changes might have clinical relevance when phosphoric acid etched. Chemical changing in the 
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dental tissues components was after acid-etching process, whereas, the demineralization is selective due to the 
morphological disposition of the prisms, in addition to this, the etching area is not selected exactly same for all 
teeth. Although, according to last study showed that better bond strength to a prismatic enamel structure is 
achieved by increasing the time of acid etching process which suggested by the manufacturer from 15 to 30 
seconds (with 35% phosphoric acid) [15] , so, etching process time in our study was very suitable for direct 
bonding of orthodontic appliances with best bond strengths. The Nd:YAG laser energy penetrated the buccal 
enamel to the same depth, between  20 and 40 m, furthermore, the morphological changes of those different 
techniques were very similar and useful for bonding strengths according to results of the present study but the 
thermal effects were suggested with high power and long time. A positive effect of Er:YAG laser radiation on the 
retention of composite resin to laser-conditioned buccal surface of enamel was observed[16] . In addition to, the 
thermal effects with low energy of Er:yag laser beam were not suggested in this study. On other hand etching 
by phosphoric acid causes enamel demineralization occurs around and beneath orthodontic brackets[10] , 
because of chemical changing in mineral structure of enamel tissues after acid- etching, hence harboring more 
mutans streptococci and leading to increased risk for caries development due to less resistance to bacteria 
attack[12, 17]. While, for the difference in values of shear bonding strength (SBS) were very small.  
4. Conclusion 
In summary of this study, there exist shear bond strengths of the buccal enamel surfaces etched by laser 
irradiation and phosphoric acid, along with their standard deviations. It has been suggested that there is 
clinically acceptable bond strength between buccal enamel surfaces and brackets. That means no significant 
differences were found between 2.5W laser irradiation and phosphoric-acid etching for direct bonding of 
orthodontic appliances, on other hand etching by phosphoric acid causes enamel demineralization occurs and 
mineral structure of enamel tissues leading to increased risk for caries development  
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